ABSTRACT
Introduction
Animal manures have been used effectively as fertilizers for centuries. Poultry manure has long been recognized as the most desirable of these natural fertilizers because of its high nitrogen content. In addition, manures supply other essential plant nutrients and serve as a soil amendment by adding organic matter (Cooperband et al., 2002) .
Waste by-products such as excreta or material that are generated by the worldwide annual production of more than 40 million MT of poultry meat and 600 billion eggs are generally land applied as the final step of a producer's waste management strategy. Land application has a great incentive because of its use as fertilizer, improving fertility by adding nutrients (N, P, Na, K) or recovering the structure of the soil by incorporating organic material; however the presence of potentially toxic chemicals (metals and organic chemicals such as pharmaceuticals, endocrine disrupters, detergents, flame retardants or pesticides) involves a potential risk, which may affect soil organisms or plants and the proper soil structure (Sloan etal.,2003) .
Animal organisms, microflora and plants are directly exposed to contaminants in poultry manure-amended soil. Contaminant uptake by plants takes place mostly through the soil water phase. Invertebrates can both ingest soil particles and take up dissolved contaminants from the pore water as well. Soil microcosms constitute a proper experimental tool for studying the fate and effects of contaminants under conditions that resemble the natural environment.
Soil microcosms have been reported to be useful tools for assessing effects of chemicals in several species under realistic exposure scenarios (Weyersetal., 2004) .
At the Laboratory for Ecotoxicology of INIA, a set of soil microcosms (multi-species soil systems MS3) has been developed in recent years. These systems consist of columns of natural sieved soil assembling soil macro-organisms (plants and invertebrates) providing a complex microbial community, and are particularly suitable for covering arable soils (Van den Brink et al., 2005) . Recent studies confirm the ability of these systems to produce relevant information on environmental fate, behavior and effects of chemicals reaching arable soils such as veterinary medicines (Boleas et al., 2005; Fernandez et al., 2004) .
The MS3 has also proved to be functional for assessing effects of combined pollutants in contaminated sites as well as for monitoring the mobility of metals in relation to biota (Alonso et al., 2006 ).
An innovative design of soil microcosm, multi-species-soil-system (MS3), has been developed by the INlA's Laboratory to study the effects of the application of two types of poultry manure (sawdust and straw bed) on soil organisms.
Materials and methods

1. Multi-species-soil-system
The MS3 is an artificial assemblage of soil macro-organisms lying on homogeneous columns of sieved natural soil (Fernandez et al., 2004; Boleas et al., 2005) that allows the assessment of its effects. In this experiment PVC cylinders (20 cm internal diameter and 30 cm high) covered by a fine nylon mesh at the bottom to avoid soil loss were used. The columns were installed in a climate room with a light-dark cycle of 16-8 h (1200 lux± 13%CV), air conditioning (21±1°C) and 55-60% humidity. The MS3 columns were saturated with spring water. After that, 30 plant seeds and 10 invertebrates were introduced. During the exposure period, the MS3 was irrigated to simulate 1000 mm rainfall/year.
Soil, poultry manure and organisms
The soil used in this study was collected from an abandoned soil at "La Canaleja", experimental plant that belongs to the INIA, (35 km east of the city of Madrid) and was classified as a Typic Haploxeralf Calciorthid according to soil taxonomy criteria (Soil Survey Staff, 2003) . The physico-chemical characteristics of the soil are shown in Table 1 . A soil sample (0-30 cm) was air-dried, passed through a 2 mm sieve and analyzed by standard soil test laboratory procedures at the Spanish Ministry of Agriculture, Fishing and Food (MAPA, 1994) .
Poultry manure was supplied by Castilla León farms located in the northeast of Spain. Table 2 shows the main physicochemical characteristics of the poultry manure mixed with straw or sawdust, which parameters were determined by Standard Methods (APHA, AWWA, and WPCF, 2005) . The terrestrial organisms used in the MS3 were invertebrates and terrestrial plants. Eiseniafoetida (maintained in culture for several generations in our laboratory) was chosen because it plays a key role in the maintenance of soil structure and in the Table 1 Physicochemical characterization of the control soil. 
MS3 experimental protocols
Poultry manure was applied in two rates: 9tha _1 (poultry manure straw) and 10tha _1 (poultry manure sawdust) in an attempt to cover agronomic requirements. Three units of MS3 were used, the first one was filled with 8 kg of the control soil and the remaining two were filled with poultry manure-amended soil. The treatments and the control were performed in triplicate. The MS3 was saturated (spring water; 730-940 ml/MS3) and after 24 h, 10 adult earthworms (E.foetida) with an average weight of 250-300 mg were placed on top of the soil, 10 wheat seeds (T. aestivum L), 10 rape seeds (B. rapa L) and 10 vetch seeds (V. sativa L) were introduced into each MS3. After the earthworms were placed on the soil column, the MS3 was irrigated with 100 ml of spring water. Every day, seed germination was observed and MS3 was irrigated (spring water 100 ml) 5 days a week. At the end of the experimental period (21 days) the MS3 systems were opened, and top soil samples were taken for chemical and ecotoxicological analysis. Enzymatic activities and respiration rate were analyzed on soil samples. Earthworms and plants were removed and counted. The main parameters measured were: percentage of seed germination, above-ground biomass, shoots length for plants and mortality and biomass for earthworms.
Ecotoxicological effects
Effects on plants (seed germination above-ground biomass production and shoot elongation) and earthworms (mortality and biomass) were considered. Moreover, microbial function effects were determined by measuring soil enzymatic activities and respiration rate. Dehydrogenase and phosphatase activities were measured according to Carbonell etal. (2000) and Freeman etal. (1995) respectively. Finally, respiration rate was analyzed according to Fernandez et al. (2004) .
Statistical analyses
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Statistical differences for plants, earthworms and soil microorganisms between poultry-manure amended soil treatments and control were assessed by analyzing the variance (p<0.05 and p<0.01), oneway ANOVA test and the least significant difference (LSD) multiple range test at p<0.05 and p<0.01 (SAS Institute, 2001 ).
Results and discussion
Ecotoxicological effects
3.Í.Í. Effects on earthworms
Mortality was observed in any treatment, but there was reduction of worms during the trial (they escaped from the column) in the control soil (13.7%) significantly higher than in soil with sawdust poultry manure (6.7%) and finally, in the soil with straw poultry manure, there was no reduction. Biomass was significantly affected. It was proved that while the reduction of worms in control soil was 48%, in the soil with sawdust or straw poultry manure the reductions were 41% and 22% respectively. It can be due to the low availability of food resources in control soil, because the organic matter content was much less than in the amended poultry manure (Van Stralen et al., 2005) .
Effects on plants
The toxicity data in plants are shown in Table 3 . No significant effects were observed in seed germination of V. sativa. Significant effects were observed in seed germination of T. aestivum and B. rapa with a slight decrease in seed germination found in T. aestivum (p<0.01 with sawdust poultry manure). However the largest percentage was observed for B. rapa (p<0.05 with sawdust and straw poultry manure). B. rapa seems to be the most sensitive species to heavy metal concentration (Carbonell et al. 2009 ). The fresh biomass was increased in the I. aestivum from soils treated with both kinds of poultry manure. It showed a highly significant difference (p<0.05) for sawdust poultry manure (381.9 mg) and straw poultry manure (363.9 mg).
B. rapa and V. sativa did not show significant differences, only V. sativa with straw poultry manure (336.4 mg) showed a significant difference (p<0.05). In terms of shoot length, only V. sativa showed a significant difference (p <0.05) when it was mixed with straw poultry manure (40.7 cm).
Effects on microorganisms
The enzymatic activities (dehydrogenase, phosphatase) and soil basal respiration rate, the parameter used to monitor microbial activity, increased in poultry manure amended soils. Compared with the values of the control group there were statistical significant differences. During the test, all these parameters decreased (except DH activities), due to depletion of organic substrates provided by the amendment, which led to a progressive decrease in microbial and enzymatic activities as a result of mineralization processes in soils. The enzyme activity of dehydrogenase showed significant difference (p<0.01) for sawdust poultry manure ( Fig. 1 ) with 190.36 ug TPFg ~~1 soil, and straw poultry manure ( Fig. 2 ) with 191.55 ugTPFg -1 soil, in accordance with Ros etal. 2003 . The enzymatic activity phosphatase and soil basal respiration rate, showed significant difference (p < 0.001) for both, sawdust poultry manure and straw poultry manure (Figs. 3 and 4) . The activity of phosphatase on sawdust and straw poultry manure were 96.93 ug MU g~1 soil, and 110.24 ug MU g _1 soil, respectively. The increase in this activity is fundamentally due to the additional source of organic matter and nutrients which make up the poultry manure and which have a stimulating effect on microbial activity. This led to an increase in phosphatase synthesis (Chen, 2003) . Soil basal respiration in sawdust and straw poultry manure was 2.87 mg CO 2 100g _1 soil, and 2.65 mg CO 2 100g _1 soil, respectively according to Wang et al., 2003 .
Conclusion
The soil microcosm reproduced the specific conditions of agricultural arable land, such as the MS3 system used in this study and it offers a proper alternative for the ecotoxicological testing of these residues.
After applying two types of poultry manure (sawdust or straw bed) on an agricultural land, the effects on soil organisms (plants, invertebrates and microorganisms) were studied and it was possible to affirm 
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Straw PM that the contribution of poultry manure was an improvement not only for the conditions of fertilization due to additional source of organic water and nutrients but also for the soil microorganisms which had a stimulating effect on microbial activity.
